Abstract Little is known about whether neighborhood factors are associated with human papillomavirus (HPV) vaccine uptake, especially among disadvantaged groups that can benefit most from the vaccine. We used data collected from immigrant, low-income mothers of adolescent girls and data from the 2005-2009 American Community Survey to investigate the relationship between HPV vaccine initiation and neighborhood characteristics. We compared initiation rates across levels of neighborhood disadvantage and employed multilevel logistic regression models to examine contextual effects on uptake. Overall, 27 % of girls (n = 479) initiated the vaccine. Initiation rates were highest among girls from the most disadvantaged neighborhoods (30 %), however, neighborhood factors were not independently associated with vaccine initiation after adjusting for individual factors. Mother's awareness of HPV, age, and insurance status were strong predictors for initiation. Future interventions should focus on improving awareness among low-income mothers as well as targeting vulnerable families outside the catchment area of public programs.
Introduction
The American Cancer Society estimates that 12,710 new cases and 4,220 deaths from cervical cancer will occur in 2012 [1] . Cervical cancer is unevenly distributed across socioeconomic status, racial/ethnic groups, and geography [2] [3] [4] [5] . Despite the widespread adoption of Pap testing, disadvantaged groups often have much lower rates of screening compared to the general population [6] [7] [8] . While many studies link low screening rates to individual health insurance status, socioeconomic status, English proficiency, and lack of awareness [9, 10] , an increasing number of studies also consider cervical cancer disparities to be markers of larger social inequalities rooted in the context of geographically-based characteristics [7, [11] [12] [13] .
The recently available human papillomavirus (HPV) vaccines provide an opportunity for a new generation of adolescents to be protected from high risk HPV infection and cervical cancer [14] . Unless the vaccine is adopted by all subgroups, including girls that are most at risk for cervical cancer, disparities will likely remain. Recent national data indicate HPV vaccination rates are low among all groups. Only 53 % of girls in the United States (US) initiated the vaccine in 2011 and just under 35 % completed the 3-dose series [15] .
Most HPV vaccine studies to date have focused on individual level factors related to uptake [16] [17] [18] [19] [20] [21] [22] [23] [24] . Little is known about whether neighborhood factors influence HPV vaccine initiation among disadvantaged adolescent girls. Research in other areas has examined the influence of neighborhood characteristics on individual health status and health behaviors through a variety of pathways related to residential segregation, community level exposure to disease, availability of health care resources, and social capital [25] [26] [27] [28] [29] [30] . By conceptualizing the influence of neighborhood disadvantage on HPV vaccination to be similar to other health services utilization scenarios, neighborhood disadvantage may be inversely associated with vaccine initiation. Lower vaccine uptake among girls in disadvantaged neighborhoods could be due to increased economic or logistical barriers associated with not having a usual source of care and fewer health care resources [31] . Similarly, lower uptake among girls in predominantly ethnic minority neighborhoods may be due to limited access to new health information or awareness of vaccination services [32] .
On the contrary, disadvantaged neighborhoods are also targeted for the placement of safety-net services, including vaccination services, and girls from these neighborhoods may actually have more access to the vaccine. Furthermore, the Vaccines for Children (VFC) Program subsidizes vaccines for low-income children thereby reducing the economic barriers to the vaccine for disadvantaged groups [33] . The VFC Program often covers new vaccines soon after recommendations are passed by the Advisory Committee on Immunization Practices. This allows new vaccines to be available for low-income girls even before the vaccines are covered under commercial insurance programs. In addition, social networks might also facilitate the dissemination of information and acceptability of the vaccine among parents of low-income, ethnic minority girls living in predominantly minority neighborhoods [32, 34, 35] .
These competing hypotheses make it unclear whether the usual relationship between neighborhood disadvantage and lower uptake of health services holds in the case of HPV vaccination among low-income girls living in predominantly disadvantaged neighborhoods. The few recent studies that examined whether neighborhood factors were associated with HPV vaccine uptake demonstrated conflicting results and did not focus on underserved populations. Chao et al. [36] found that girls living in poorer neighborhoods were less likely to initiate the vaccine while Pruitt and Schootman [37] showed girls living in poorer counties to be more likely to initiate the vaccine. These studies had limited samples of low-income, minority girls and also used varying units of geography.
This study extends the current cervical cancer disparity literature by employing a social-ecological perspective, which focuses on external factors related an individual's neighborhood or environment that could influence one's health, to examine whether neighborhood socio-demographic characteristics are significantly associated with HPV vaccine initiation after controlling for individual level factors.
Methods
This multi-level analysis combined individual level data from a telephone survey with data from the US Census Bureau. Survey respondents were geocoded to their census tracts to obtain estimates of neighborhood characteristics.
Individual Level Data
This study employed individual level data previously collected from low-income caregivers of adolescent girls eligible for the HPV vaccine (ages 9-18 years). All study participants were recruited from the Los Angeles County Department of Public Health (LACDPH) Office of Women's Health (OWH) telephone hotline. Study participants completed interviews between January and November 2009. The OWH multi-language toll-free hotline provides services, such as scheduling of cervical and breast cancer screening appointments and providing health information, to low-income (\200 % federal poverty level) and uninsured women. Callers of the hotline are women who routinely use the Los Angeles County (LAC) safetynet system. Details of the study design have been previously reported [38] . Briefly, eligibility criteria included any female caller between age 18 and 65 years and the medical decision-maker for at least one HPV vaccine-eligible adolescent girl (9-18 years) in the household. Among eligible callers, 93 % (n = 490) provided informed consent to answer a survey. This data, therefore, represents nearly all OWH hotline callers who make medical decisions for at least one adolescent girl. Because 85 % of women who participated in the study were mothers, rather than grandmothers, aunts, or sisters, study participants are referred to as ''mothers'' for simplicity. Mothers completed a 75-item telephone survey to assess their daughters' HPV vaccine uptake and correlates of uptake. An important feature of this survey is that mothers provided their home addresses, allowing for geographic analyses. A $10 grocery card incentive was provided for each study participant.
Neighborhood Level Data
Geocoded addresses of adolescent girls from the individual level data were linked to census tracts. Census tract characteristics were derived from the 2005-2009 American Community Survey [39] . While census tracts have some limitations, prior studies have shown that censustract level neighborhood data provide the most sensitive measures of neighborhood health disparities and are most easily linkable to other datasets [11] . In addition, geographical units from the census are relatively permanent and follow visible and political boundaries (e.g. counties, cities) [40] . A major value of using census tracts for research purposes is that they allow for replication across studies.
Measures
Our measures included both individual characteristics of mothers and daughters, as reported by each mother, and neighborhood characteristics associated with their place of residence.
HPV vaccine initiation was defined as a dichotomous (yes/no) outcome for whether daughters received at least one dose of the quadrivalent HPV vaccine. Daughters were classified as ''initiated'' (yes) if they had at least one dose of the vaccine. They were classified as ''uninitiated'' (no) if they had no receipt of the vaccine or if the mother had no awareness of the vaccine. Eleven mothers reported having never heard of the HPV vaccine prior to the interview despite also reporting their daughters had received at least one dose of the HPV vaccine; these girls were still classified into the initiated group.
Other characteristics included the daughter's age, insurance type, and usual source of care. For daughter's age, we used the Advisory Committee on Immunization Practices recommendations for HPV vaccines [41] to transform the continuous age of adolescent girls to a categorical variable (9-10 years-pre-recommendation age group, 11-18 years-recommended age group) [14] . In addition, we control for mother's race/ethnicity, age, and awareness of HPV. Mother's HPV awareness was a dichotomous (yes/no) variable determined by asking all mothers the following: ''Have you ever heard of HPV? HPV stands for Human Papillomavirus.' ' We included a number of neighborhood socio-demographic factors for this study based on previously defined measures used for neighborhood disadvantage [26, 31] as well as prior literature related to neighborhood influence on use of cancer screening and vaccination [6, 7, 37] . The following neighborhood factors were included: percentage of census tract residents living below the federal poverty level, percentage of unemployed census tract residents over age 16, percentage of minority race/ethnicity census tract residents (i.e. those who were not Non-Hispanic white), and percentage of census tract residents without access to a private vehicle. Percentage living below poverty was categorized into quartiles based on the distribution of poverty rates across census tracts. The measures for neighborhood racial/ethnic composition, unemployment, and access to a private vehicle were converted to standardized coefficients for ease of interpretation. The coefficients for these variables were standardized to have a mean of zero and a variance of 1. This allows the beta coefficients to be interpreted as the change in vaccine initiation associated with every standard deviation change in the percent of each neighborhood characteristic (i.e. minority composition, unemployment, access to vehicle).
Statistical Analysis
Initial descriptive statistics were conducted to describe the study sample and to examine the distribution of the primary outcome and predictor variables. Bivariate logistic regression models were used to examine the association between individual level predictors and vaccine uptake.
A random-effects multilevel logistic regression model was employed to examine the association between individual and neighborhood level variables on vaccine uptake while adjusting for the correlation between individuals living within the same census tract. We obtained odds ratios for the following logistic regression models: (1) individual level variables only, (2) neighborhood level variables only and (3) individual and neighborhood level variables together. The final neighborhood variables for Models 2 and 3 included poverty categorized into distributional quartiles and the standardized coefficient for percentage of minority residents. Statistical significance for beta coefficients were determined at the p \ 0.05 level. Results are reported in odds ratios and 95 % confidence intervals.
This study was approved by the UCLA Institutional Review Board.
Results

Sample Characteristics
Over half (53 %) of mothers in the sample (n = 479) were Latina and a third (32 %) were Asian within this lowincome sample (Table 1) . One-third of mothers reported their daughters did not have insurance or a usual source of care. Over a quarter (27 %) of all daughters in the sample initiated the HPV vaccine. The highest initiation rate was among Latinas (33 %), with Chinese, Korean, and African American at lower initiation rates ranging from 21 % to 25 %. A larger proportion of daughters in the older age group, those with public insurance, and those with mothers who were aware of HPV had initiated the vaccine.
Neighborhood Characteristics of Sample Compared to Los Angeles County
An average of 1.4 girls (range: 1-7) was clustered within each census tract (i.e. 341 unique neighborhoods for the 483 individual girls). Characteristics of sampled neighborhoods (n = 341) were compared to the broader Los Angeles County in several ways (Table 2) . Our neighborhoods were similar with regards to the composition of nonLatino whites and the proportion of residents without access to a private vehicle. For example, 11 % people in our neighborhoods and 10 % of the County neighborhoods did not have access to a private vehicle. However, neighborhoods in the sample had a larger proportion of ethnic minorities (87 %) compared all neighborhoods within LA County (70 %).
Neighborhood Characteristics and HPV Vaccine Initiation
Rates of initiation were highest among girls living in neighborhoods with higher poverty (Fig. 1) . Surprisingly, girls in the second to lowest poverty quartile (Quartile 2) had the lowest rates of initiation (16.7 %) compared to girls in other neighborhoods. These differences were significant at the p \ 0.05 level. For percentage of minority residents within neighborhoods (Fig. 2) and percentage of unemployed residents within neighborhoods (Fig. 3) rates of initiation were highest among girls in the neighborhoods with the greatest proportion of minorities and the highest unemployment rates. The difference in rates of initiation between neighborhoods with the greatest access to vehicles and least access to vehicles was only 5 % and not statistically significant (data not shown).
Bivariate and Multivariate Results
Unadjusted odds ratios for neighborhood level variables on HPV vaccine initiation are shown in Table 3 . Girls living in neighborhoods with poverty rates between 10 and 20 % (Quartile 2) had 0.50 times the odds of initiating the HPV vaccine compared to girls living in other neighborhoods (p \ 0.05). On the other hand, girls living in neighborhoods with poverty rates greater than 30 % (Quartile 4) had 1.79 times the odds of initiating the HPV vaccine compared to girls living in other neighborhoods. The percentage of unemployed residents and the percentage of minority residents were also both positively associated with HPV vaccine initiation at the bivariate level.
Results from the multivariate analyses are also shown in Table 3 . Mother's awareness of HPV, age of adolescent girl, having public health insurance, and Latina ethnicity were significantly associated with increased odds of vaccine uptake at the individual level (Model 1); these findings were similar to prior publications focusing on individual level predictors for HPV vaccine initiation using this same dataset [16] . In the ecologic model (Model 2), girls living in moderately low-income neighborhoods (Quartile 2: 10-20 % poverty) had 0.47 times the odds of receiving the HPV vaccine compared to girls who lived lowest income neighborhoods (Quartile 4: [40 % poverty). In the multilevel model (Model 3), only mother's awareness of HPV, age of adolescent girl, and having public insurance remained significant predictors of vaccine initiation. Results were similar when the multilevel model included only mothers aware of the HPV vaccine (data not shown).
Discussion
In this study of low-income, ethnic minority girls, neighborhood socio-demographic factors were not significantly associated with HPV vaccine initiation after controlling for individual level factors. Our findings were not consistent with the two previous studies focused on neighborhood factors and HPV vaccine initiation [36, 37] . The lack of a significant association may be related to our unique sample of low-income girls with mothers who already use safetynet services through the county health system. These mothers may be intrinsically more motivated to overcome the influences of neighborhood disadvantage on accessing safety-net services as they already utilize safety-net services for themselves. For this population of girls, neighborhood context may be less important than other factors such as mother's awareness of HPV and adequate insurance coverage for vaccination services. Furthermore, there may have been limited variability within our sample neighborhoods of mostly disadvantaged areas.
Findings from our descriptive analyses revealed higher rates of vaccine initiation among girls living in the most disadvantaged neighborhoods. Further research is needed to confirm whether low-income girls living in relatively less impoverished neighborhoods face additional barriers to accessing the HPV vaccine compared to low-income girls living in the most impoverished neighborhoods. Contrary to the expected direct relationship between increasing neighborhood advantage and positive health outcomes or behaviors, these observations may be explained by the increased density of safety-net immunization services in the most impoverished areas and access to subsidized vaccines via the VFC program [42] . However, these neighborhood factors did not remain significant after controlling for individual factors and thus warrant additional investigation. Girls in our sample living in less disadvantaged neighborhoods may lack nearby safety-net clinics where they can access the HPV vaccine. These inferences are supported by a recent report using the same 2005-2009 American Community Survey data employed in our study, which showed an increasing shift in concentrated poverty within suburban areas in the late 2000s [43] . This report, along with others, indicate that the suburban poor often face barriers to resources that are similar to the urban poor but experience an added barrier of having fewer safety-net resources available in their immediate neighborhood [34, 43, 44] . A more in-depth geographic examination of census tracts in the county indicated neighborhoods that are moderately low-income in Los Angeles County appear to be located outside the immediate urban center and in more suburban areas (Fig. 4) , supporting the possibility that low-income girls in moderately impoverished areas may face additional barriers to vaccination services.
The positive relationship between having public insurance (i.e. Medicaid or Healthy Kids) and higher odds of vaccine initiation may serve as a proxy measure for having a usual and affordable source of care for girls in the sample. Those with insurance coverage are more likely to receive any type of recommended vaccinations [45] , especially if they rely on safety-net clinics that are traditionally focused on preventive care for adolescents. Lowincome girls with private insurance, however, often face additional out-of-pocket costs for vaccinations as well as increased barriers to care [46] . Multiple studies have documented the sizeable increase in the costs of adolescent vaccinations over the past decade and how these costs have been passed on from insurance companies to patients [42, 47] . Furthermore, recent studies have also noted that low reimbursement rates for HPV vaccines as well as other market factors have prevented doctors from recommending or providing adolescent immunizations [48, 49] . Our study findings, combined with others, indicate a need to continue to focus on promoting vaccinations services for girls who are uninsured or who may be underinsured. Some study limitations should be noted. First, due to the modest sample size and a small number of girls per neighborhood, our study serves as an initial exploration of neighborhood factors on HPV vaccine uptake. Larger samples of girls and neighborhoods would yield greater statistical power for multi-level analyses. As with many area-based studies, our analysis relied on census tracts as a proxy measure for neighborhood boundaries. While census tracts have been shown to be adequate proxies for measuring area-level factors, qualitatively defined neighborhood boundaries may be more suitable for low-income, ethnic minority populations. In addition, there may be limited variability within our study sample of low-income girls with mothers that called into a county health hotline. Lastly, due to the cross sectional nature of this data and inability to measure residential mobility, temporality may be an issue in the relationships between neighborhood factors and vaccine uptake. This study continues to show the need to improve HPV vaccine initiation rates among the most disadvantaged groups, especially given the much lower initiation rates seen in our study sample (27 %) compared to nationally reported rates. Interventions aimed to increase vaccine uptake among vulnerable populations should focus on improving awareness of HPV vaccines among mothers as well as providing adequate health care coverage to underserved populations [45] . In addition, given the recently recommended set of adolescent vaccinations, it is important that safety-net clinics serving vulnerable populations maximize adolescent clinic visits as opportunities to provide the HPV vaccine [24] . Lastly, lower vaccination rates among disadvantaged girls living in relatively less impoverished neighborhoods point to the importance of targeting vulnerable populations both within the highest need areas as well as within less impoverished areas where disadvantaged girls may face additional barriers to accessing care.
Conclusions
This study is one of the first to explore the relationship between neighborhood socio-demographic characteristics and HPV vaccine initiation among low-income, minority girls. By focusing on this high-risk population, study results contribute to the current understanding of neighborhood context in relation to vaccine uptake. As stated in prior research, merely targeting the poorest areas to increase uptake of cancer prevention services may leave out a large proportion of the low-income population that Fig. 4 Neighborhood poverty quartiles by census tracts in Los Angeles County otherwise could benefit from preventive services [50] . Future interventions should consider low-income adolescent girls living outside the catchment area of safety-net services that may face additional barriers to accessing vaccination services.
